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PROBLEM TO BE SOLVED: To attain improvement of overall 
fuel consumption by making an optimum charging/discharging 
schedule of a battery considering a traffic Jam on an expected 
route. 

SOLUTION: A charging rate target forming means 9 makes an 
estimated running pattern by considering an estimated route set 
in a navigation device 8, and Jam information on a route acquired 
from a traffic center 10 by a traffic information input means 7, to 
prepare a charging/discharging schedule of a battery to minimize 
the overall amount of fuel consumption. A driving force control 
device 6 obtains a difference between a charging rate target 
outputted from the charging rate target foring means 9 and a 
charging rate at present, determines distribution of power to an 
engine 1 and a motor 2 so as to^decrease this difference, and 
outputs a command relating to the engine 1 , the motor 2, and a 
transmission 3. 
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* NOTICES * 




JPO and NCI PI are not responsible £or any 
damages caused by tbe use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] They are an engine, a motor, and the hybrid car equipped with the dc-battery. The traffic 
information input means, navigation equipment which input the information about the congestion situation of 
a route. It has a charging rate desired value setting-out means to set the driving force control device which 
gives a command, and the charging rate desired value of said dc-battery to said engine and said motor. Said 
charging rate desired value setting-out means A prediction transit pattern is created based on the traffic 
information inputted by the schedule transit path set as said navigation equipment, and said traffic 
information input means. It has the fimction to set up the charging rate desired value of said dc-battery based 
on the created prediction transit pattern. Said driving force control unit The hybrid car which gives the 
actuation command and the actuation command to said motor, or generation-of-electrical-energy command to 
said engine based on the charging rate desired value which said charging rate desired value setting-out means 
set up, and the charging rate detection value of said dc-battery. 

[Claim 2] The information concerning [ on a hybrid car according to claim 1 and ] the congestion situation of 
said route is a hybrid car including the information about a car rate. 

[Claim 3] The information concerning [ on a hybrid car according to claim 1 and ] the congestion situation of 
said route is the hybrid car which will include prediction of the congestion situation at the event in the future. 
[Claim 4] The hybrid car which creates charging rate desired value in a hybrid car according to claim 1 based 
on the power allocation which opted for power allocation of said engine and said motor, and determined that 
the fuel consumption to a prediction transit pattern will decrease in consideration of said engine, said motor, 
and each effectiveness property of said dc-battery in case said charging rate desired value setting-out means 
sets up the charging rate desired value of said dc-battery. 

[Claim 5] The hybrid car which takes into consideration the change situation of the charging rate of said dc- 
battery in a hybrid car according to claim 1 in case said charging rate desired value setting-out means sets up 
the charging rate desired value of said dc-battery. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the hybrid car equipped with the engine and the motor, 
especially creates the charge-and-discharge schedule of a dc-battery based on prediction of a transit pattern, 
and relates to a suitable hybrid car to aim at improvement in fuel consumption. 
[0002] 

[Description of the Prior Art] As an actuation system which attains engine low-fuel-consumption-ization, 
there is a hybrid car using the driving force of a motor, and various kinds of methods, such as a series method 
and a parallel method, are proposed. Among these, when it is the hybrid car of the parallel method which can 
drive a car in both an engine and a motor, in consideration of a run state and engine efficiency, it opts for 
driving force allocation of an engine and a motor so that synthetic fuel consumption may decrease. For 
example, at the time of a heavy load with sufficient engine efficiency, such as the time of high-speed transit 
and acceleration, it runs centering on an engine, and engine efficiency, such as the time of low-speed transit, 
runs centering on a motor at the time of a bad low load. 

[0003] Moreover, when the navigation system etc. shows the previous transit path beforehand after this, how 
to control the charging rate of a dc-battery according to a prediction path can be considered. For example, 
when it is predicted that transit by the motor increases for urban area transit, before going into an urban area, 
it is effective to increase engine power beforehand and to raise the charging rate of a dc-battery. When a long 
downward slope is predicted, in order to conserve regeneration power, it is good to make the charging rate of 
a dc-battery low beforehand. 

[0004] Thus, a transit pattern is predicted based on a schedule transit path, and some approaches of 
controlling an engine and a motor to become the desired value which carried out scheduling of the charging 
rate desired value of a dc-battery, and set it up are proposed. The method of defining the desired value of a 
dc-battery charging rate using the altitude information and slowdown point information on a schedule transit 
path is indicated by JP,8-1261 16, A. The method of setting a transit pattem to JP,9-164506,A from a transit 
path, and setting the mean value of the dc-battery residue in the every place point on a path to it is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] If the transit path information set as navigation as mentioned 
above is used, the information on the altitude, a crossing, etc. can be acquired combining map information. 
However, about the congestion situation of a actual route, it cannot know only by navigation. For example, 
since an urban area changes the amount of energy required for motor transit with extent of delay, unless a 
congestion situation is known, scheduling of the optimal dc-battery caimot be performed. Moreover, if there 
is no information about the vehicle speed in the every place point on a path, the high transit pattem of 
precision cannot be created. Therefore, only for the transit path information on navigation, optimal scheduling 
carmot be performed but there is a problem that effectiveness of the improvement in fuel consumption carmot 
fully be raised. 

[0006] The object of this invention is by performing charge-and-discharge control of the optimal dc-battery 
also in consideration of the congestion situation and vehicle speed information on a schedule transit path to 
offer the hybrid car which can aim at improvement in fuel consumption. 

[0007] 

[Means for Solving the Problem] This invention is the hybrid car equipped with the engine, the motor, and the 
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dc-battery. The traffic infor^^n input means and navigation equipmen^Jlch input the information about 
the congestion situation of a route, the driving force control unit which gives a command to an engine and a 
motor, It has a charging rate desired value setting-out means to set up the charging rate desired value of a dc- 
battery. And a charging rate desired value setting-out means A prediction transit pattem is created based on 
the traffic information inputted by the schedule transit path and traffic information input means which were 
set as navigation equipment. Setting up the charging rate desired value of a dc-battery based on the created 
prediction transit pattem, a driving force control device is a high Brit car which gives the actuation conmiand 
and the generation of electrical energy to a motor, or actuation command to an engine based on the charging 
rate desired value and the charging rate detection value of a dc-battery which were set up. 
[0008] It is making it include the information on a car rate in the information about the congestion situation of 
a route on this invention preferably. Moreover, it is making it include not only current information but 
prediction of the congestion situation at the future event. 

[0009] Moreover, it is creating charging rate desired value preferably, based on the power allocation which 
opted for power allocation of an engine and a motor and determined that the fuel consumption to a prediction 
transit pattem will decrease in consideration of the effectiveness property of an engine, a motor, and a dc- 
battery, in case [ of this invention ] the charging rate desired value of a dc-battery is set up. Moreover, it is 
also taking into consideration the change situation of a dc-battery charging rate. 

[0010] Since the high prediction transit pattem of precision is created by the above from the information on 
the congestion situation of the route on a schedule transit path, or the vehicle speed and the optimal dc-battery 
charge-and-discharge schedule which took various effectiveness into consideration to the prediction transit 
pattem can be created, the synthetic fuel consumption of a hybrid car can be raised. 
[0011] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with reference 
to a drawing. 

[0012] Drawing J_ shows the block diagram of the hybrid car which applied this invention, and its control 
unit. 

[0013] It has the engine 1 and the motor 2 as a driving source of a car, and connects with the change gear 3, 
respectively. Although there are various methods, such as a manual gearshift, automatic change gear, and 
mechanical-cable-type nonstep variable speed gear (CVT) or an electric-type nonstep variable speed gear 
peculiar to a hybrid car, as a change gear 3, if it is the hybrid car of the parallel method which can be driven 
in both an engine 1 and the motor 2, this invention is applicable no matter it may be what gear change 
method. The motor 2 is connected to the dc-battery 5 through the inverter 4, and the driving force or 
generated output of a motor 2 is controlled by switching control of an inverter 4. When a motor 2 is actuation, 
in discharge and a generation of electrical energy, a dc-battery 5 is charged. 

[0014] The driving force control device 6 computes required driving force based on an intention of operators, 
such as an accelerator, a brake, and a shift position, and the information on the vehicle speed, it determines 
operation mode, taking into consideration the effectiveness property of an engine 1, and the charging rate of a 
dc-battery 5, and gives a command to an engine 1, a motor 2, and a change gear 3. As operation mode, engine 
transit, motor transit, assistant transit (engine + motor), charge transit (engine transit + generation of electrical 
energy), regenerative braking, etc. occur. To an engine 1, it is ordered a throttle opening and engine power is 
controlled. To a change gear 3, a change-gear-ratio command is issued so that the engine operating point (a 
rotational frequency, torque) may become best. To a motor 2, the command of driving force or generated 
output is given. In that case, the difference of the charging rate desired value outputted from the charging rate 
desired value creation means 9 and a current charging rate detection value is searched for, and the output of 
an engine and a motor is determined that the difference will become small. 

[0015] The charging rate desired value creation means 9 creates a charge-and-discharge schedule based on the 
traffic information inputted by the traffic information input means 7, and the transit path information set as 
navigation equipment 8, and outputs charging rate desired value to the driving force control unit 6 based on 
the created schedule. 

[0016] Hereafter, the creation approach of charging rate desired value is explained according to the outline 
flow shown in drawing 2 . 

[0017] A vehicle speed pattem is created first (step 101). A vehicle speed pattem is a graph by which the 
distance on a future schedule transit path is shown on an axis of abscissa, and the prediction vehicle speed in 
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the point is shown on an ax^^ordinate as shown in d rawin g 4 (a). If the^J^dule transit path is set as 
navigation equipment 8, it is^med out ahead [ what km ] it will pass along which point by making the 
current position into distance zero from now on. If the transit vehicle speed at that time can be predicted, a 
vehicle speed pattern can be created. 

[0018] There is a method of deciding the average vehicle speed beforehand as easiest approach according to 
the classification (a highway, a trunk national highway, a prefectural road, urban area, etc.) of a route. 
However, then the congestion situation of a route cannot be reflected and the actual condition is not 
necessarily suited. Then, the traffic information input means 7 communicates with the traffic center 10, 
required information comes to hand, and the predictability of the vehicle speed is raised using the 
information. For example, if delay information can come to hand as traffic information, since it turns out what 
km delay has occurred at which point, the vehicle speed of the section is set up like for example, 15 km/h. 
[0019] It is thought that it also becomes possible in the traffic center 10 to calculate the average vehicle speed 
in each route section using the information on the sensor installed on the route or the information transmitted 
from the automobile under transit still more in the fiiture. If the traffic information input means 7 
communicates with the traffic center 10 and it is made to receive each vehicle speed information on such a 
schedule transit path, a more exact vehicle speed pattem can be created, 

[0020] Moreover, if not the vehicle speed of the present every place point but the vehicle speed in the fiiture 
event which passes along the point actually can be predicted, the precision of prediction can be raised fiirther. 
In that case, the traffic information input means 7 computes at which time of day it passes along which point 
based on the path information on navigation equipment 8, and the prediction vehicle speed to the point, and 
requires the anticipation vehicle speed information on the point of the ****** from the traffic center 10. 
[0021] As mentioned above, the vehicle speed pattem on an anticipation transit path can be created with a 
sufficient precision by considering the transit path information on navigation equipment 8, and the traffic 
information which came to hand from the traffic center 10. In addition, if the pattem which stops at a crossing 
is woven in in consideration of the number and halt probability of not only the information on the vehicle 
speed but a crossing, a still more accurate vehicle speed pattem can be created. 

[0022] Next, an altitude pattem is created (step 102). An altitude pattem is the graph which made the axis of 
abscissa distance and made the axis of ordinate the altitude, as shown in drawing 4 (b). This can be created by 
testing by comparison the schedule transit path set as navigation equipment 8, and the map information which 
navigation equipment 8 has. 

[0023] Next, a braking/driving force pattem is created (step 103). A braking/driving force pattem is a graph 
with which time amount is expressed with an axis of abscissa, and driving force (forward) or damping force 
(negative) is expressed to an axis of ordinate, as shown in drawin g 4 (c). Hereafter, the creation approach is 
explained. 

[0024] First, an axis of abscissa is changed into time amount from distance about the vehicle speed pattem 
and altitude pattem which were created previously. Since a vehicle speed pattem shows the relation between 
distance and the vehicle speed, if time amount is found by breaking distance by the vehicle speed, an axis of 
abscissa is convertible for time amount. 

[0025] Next, driving force or damping force required for transit is searched for by the degree type from the 

vehicle speed and the altitude. First, a degree type is realized about driving torque tauv of a car. 

[0026] 

tauv=taur+taug+taus — (1) 

Here, taur is [ acceleration-resistance torque and taus of flat-ground transit torque and taug ] road surface 
inclination torque. Among these, flat-ground transit torque taur is calculable from the vehicle speed V with a 
degree t>pe. 
[0027] 

taur= (mur-W+ka-V-V), Rt - (2) 

However, for mur, a coefficient of rolling fiiction and W are [ an air resistance multiplier and Rt of car weight 
and ka ]****** of a tire. Acceleration-resistance torque taug is expressed with a degree type. 

[0028] 

taug=(W-alpha-Rt)/g - (3) 

However, alpha is the acceleration of a car and g is gravitational acceleration. It asks for acceleration alpha 
from the rate of change of the vehicle speed V. Road surface inclination torque serves as a degree type. 
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[0029] 

taus=W-g-sin theta-Rt - (4)^ 
However, theta is the inclination of a road surface and can be computed from the rate of change of the 
ahitude. 

[0030] Therefore, if a vehicle speed pattem and an altitude pattem are known, driving torque tauv is 
computable. What multiplied driving torque by the rotational speed of an axle serves as driving force (if it is 
negative damping force). The rotational speed of an axle is computed from ****** ^j^^ vehicle speed and a 
tire. In addition, about four parameters of ****** of a coefficient of rolling friction, car weight, an air 
resistance multiplier, and a tire, a value shall be set up beforehand. Among these, although a value may 
change with situations about car weight and a coefficient of rolling fiiction, if actual driving torque is 
measurable by a certain approach, it is also possible to count these parameters backward using the relation of 
the above-mentioned formula (1) to a formula (4). 

[0031] Next, the power allocation corresponding to a braking/driving force pattem is created (step 104). 
Power allocation is what defined output allocation of the engine 1 and motor 2 which fill required 
braking/driving force as shown in drawin g 4 (d), and allocation is created so that the fuel consumption in the 
whole target schedule transit path may become min. Hereafter, an example of the allocation approach is 
explained according to the outline procedure of drawing 3 . 

[0032] First, the whole schedule transit path is divided at the fine section (for example, 2-second spacing) 

(step 1 1 1). In order to simplify count, within the divided section, it is assumed that a rate and braking/driving 

force are fixed. When changing, it is made to represent with the value of the midpoint for example, within the 

section. Hereafter, power allocation of an engine and a motor is determined as each section unit. 

[0033] It assumes that it runs all the actuation sections except the braking section and the halt section only 

with an engine, and driving force, the engine power corresponding to the vehicle speed, the operating point (a 

rotational frequency, torque), and a change gear ratio are determined first (step 1 12). 

[0034] Next, regenerative braking by the motor is performed about the braking section (step 113). Only by 

regenerative braking, when damping force is insufficient, mechanical brake shall be used together. The 

electric energy charged by regeneration in consideration of the generation efficiency of a motor and the 

charging efficiency of a cell to regeneration power at a cell is computed. 

[0035] Next, the power charged by regeneration is assigned to motor transit or assistant transit (step 1 14). In 
motor transit, in zero and assistant transit, engine power decreases [ the part of a motor output ] engine power. 
In consideration of fuel percentage reduction, it assigns sequentially from the section where fiiel percentage 
reduction is the largest in that case. Fuel percentage reduction is an index with which which shows whether 
fuel consumption can be cut down by performing motor transit and assistant transit using a certain electrical 
energy. In consideration of engine efficiency, a motor efficiency, and the discharge effectiveness of a dc- 
battery, the fuel percentage reduction in each operating point (vehicle speed, driving force) shall be calculated 
beforehand, and data shall be stored. In addition, in being the hybrid car which cannot perform motor 
independent transit, it assigns only assistant transit. 

[0036] If all regeneration charge power is assigned to motor transit or assistant transit, it will set up so that 
motor transit or assistant transit may be performed using the fixed electric energy (for example, 50 Whs) 
which exists further (step 1 1 5). Fuel percentage reduction assigns sequentially from the large engine transit 
section like step 114. 

[0037] Next, the electrical energy used to motor transit or assistant transit of step 1 15 is charged by charge 
transit, and it sets up so that the charging rate of a cell may retum to the value of a basis eventually (step 116). 
Charge transit is in transit mode in which make engine power increase during engine transit, and a dc-battery 
is charged. About charge transit, it assigns sequentially from the small section of the fuel rate of increase in 
consideration of the fuel rate of increase. The fuel rate of increase is an index which shows it is necessary the 
fuel of which to make increase although engine power is made to increase and electrical energy is charged. It 
can charge by little increment in a fuel, so that this value is small. Like [ rate of increase / this / fuel ] fuel 
percentage reduction, beforehand, in consideration of engine efficiency, a motor efficiency, and the charging 
efficiency of a dc-battery, the value in each operating point is calculated and data are stored. 
[0038] Here, the fuel percentage reduction in step 1 1 5 is compared with the fuel rate of increase in step 1 16 
(step 117). When the fixel percentage reduction is larger than the fuel rate of increase, fuel consumption 
decreases by allotment of step 115 and step 1 16. In this case, it progresses to step 115 again and allotment of 
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motor transit and charge tra^^ps advanced further. Conversely, since fu6^Phsumption will increase when 
the fuel percentage reduction is smaller, the allotment of step 1 1 5 and step 116 performed immediately before 

is returned, and processing of power allocation is ended. 

[0039] With the procedure described above, power allocation of an engine and a motor whose synthetic fiiel 
consumption decreases can be defined. For example, since the low-speed transit by delay generally has bad 
engine efficiency and its fuel percentage reduction by motor transit is large when the delay section is 
expected, power allocation which carries out motor transit of this section preferentially is created. The 
electrical energy which motor transit takes is charged by performing charge transit before the delay section. 
Thus, a power allocation pattern which utilizes traffic information and reduces total fuel consumption can be 
created. 

[0040] Moreover, by the above-mentioned approach, since it distributed using the index of fuel percentage 
reduction and the fiiel rate of increase, there is an advantage that power allocation can be defined without 
using complicated optimization algorithm. 

[0041] Next, the charge-and-discharge pattern of a dc-battery is computed based on a power allocation result 
(step 105). As shown in drawin g 4 (e), a charge-and-discharge pattern takes time amount along an axis of 
abscissa, and a dc-battery charging rate is shown on an axis of ordinate. The electric energy in which charge 
and discharge are carried out to a dc-battery by regenerative braking, motor transit, assistant transit, and 
charge transit is computed by leaving a current ch2irging rate, and it asks by calculating change of a charging 
rate. 

[0042] In addition, a DC to DC converter, a power load, etc. for carrying out an electric power supply not 
only to the inverter 4 but to a low voltage dc-battery may be connected to the dc-battery 5. In that case, as for 
the charging rate of a dc-battery 5, also in zero, the actuation power of a motor 2 declines temporarily. Then, 
from the change situation of the dc-battery charging rate to current, the magnitude of power loads other than 
an inverter is presumed, change of the future dc-battery charging rate by it is predicted, and correction is 
added to the above-mentioned charge-and-discharge pattem. 

[0043] At step 106, it confirms whether be over the bound value of a charging rate to the calculated charge- 
and-discharge pattem. The bound value of a charging rate is defined like 80% of upper limits, and 20% of 
minimums, corresponding to a property, temperature, etc. of a cell. It investigates whether there is any section 
which exceeds the value in a charge-and-discharge pattem. If it has not exceeded, creation of a charge-and- 
discharge schedule is termination. 

[0044] When there is the section exceeding a bound value, it progresses to step 107, and a charge-and- 
discharge pattem is corrected. For example, when there is the section exceeding an upper limit, and it is the 
front, it is necessary to reduce charge. If there is the section of charge transit, it will be changed to the usual 
engine transit and a charge will be reduced. If it is made to change to engine transit sequentially from the 
large section of the fuel rate of increase in that case, fuel consumption can decrease more. Even if it changes 
all charge transit to engine transit, in exceeding an upper limit, the engine transit section is changed to motor 
transit or assistant transit, and it makes it lower a charging rate. In that case, if fuel percentage reduction 
assigns sequentially from the large section, it is advantageous. Conversely, when there is the section 
exceeding a minimum, the section of motor transit or assistant transit is changed to the usual engine transit, 
and the amount of discharge is reduced. In that case, it is made to change sequentially from the small section 
of fuel percentage reduction. The procedure of step 106,107 is repeated until a charging rate enters in a bovind 
value in all the transit sections. 

[0045] By the above-mentioned approach, a charge-and-discharge schedule to which the charging rate of a 
dc-battery is settled in a bound can be created. For example, there is a long downward slope, also when 
regeneration charge continues for a long time and exceeds the upper limit of a charging rate, a schedule which 
performs motor transit etc. in advance and lowers the charging rate can be created, and regeneration energy 
can be used effectively. 

[0046] The created charge-and-discharge schedule changes and memorizes the axis of abscissa in distance 
from time amount. What is necessary is for the procedure of having changed distance into time amount at step 
103 and reverse just to perform conversion. Since the value of the charging rate in the every place point 
shown in the charge-and-discharge schedule turns into charging rate desired value, it refers to the current 
position shown in navigation equipment 8, and corresponding charging rate desired value is outputted to the 
driving force control unit 6. 
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[0047] In the driving force 4^^^^ difference of the outputted iding rate desired value and a 

current charging rate detection value is searched for, and the output of an engine or a motor is determined that 

a difference will become small. For example, when charging rate desired value is larger than a current 
charging rate, charge transit is performed and a charging rate is raised. Conversely, when the desired value is 
lower, motor transit or assistant transit is performed. According to the created charge-and-discharge schedule, 
the charging rate of a dc-battery is controlled by this, and little transit of fuel consumption can be realized. 
[0048] However, caution is taken for the transit pattem with which it is actually ordered the anticipation 
transit pattem for which it asked in the procedure of drawing 2 by the operator not to be necessarily in 
agreement. It is top priority to take out braking/driving force as the operator directed to the last as a car, and it 
is made to perform flattery to a charge-and-discharge schedule within limits which can satisfy braking/driving 
force. 

[0049] In addition, in case a charge-and-discharge schedule is created, about which distance is made into the 
object section, it shall decide beforehand, for example like until 20km beyond. Although the object section, 
then the schedule which looked at the point so much can create a long distance, since the precision of 
prediction will fall and the processing time will also be required if it becomes far, a moderate distance is 
defined. 

[0050] Moreover, since the gap with the schedule created as transit progressed may arise, a series of 

processings are repeated for every fixed time amount, and the schedule is updated. 

[0051] Since the charge-and-discharge schedule in consideration of the actual congestion situation on a 

schedule transit path of a dc-battery can create easily if this invention is used as stated above, synthetic fuel 

consumption can be reduced and it is effective in fuel consumption improving. 

[0052] 

[Effect of the Invention] According to this invention, dc-battery charge-and-discharge control which reduces 
the synthetic fuel consumption which took into consideration the congestion situation and vehicle speed 
information on a schedule transit path in the hybrid car can be performed, and it is effective in the ability to 
aim at improvement in fuel consumption. 



[Translation done.] 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by tbe use o£ tbxs translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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